Abstract. Soft set theory acts as a fundamental tool for handling the uncertainty in the data by adding a parameterized factor during the process unlike fuzzy as well as intuitionistic fuzzy set theory. In this manuscript, an attempt has been made to compare two Intuitionistic Fuzzy Soft Numbers (IFSNs) and then weighted averaging and geometric aggregation operators for aggregating the di erent input arguments have been presented. Further, their various properties have been established. The e ectiveness of these operators has been demonstrated through a case study.
Introduction
Molodtsov [1] initially presented the concept of Soft Set (SS) theory as a fundamental tool for modeling the uncertainty and vague data. Various traditional tools, including, but not limited to, Fuzzy Set (FS) theory [2] , Intuitionistic Fuzzy Set (IFS) theory [3] etc., have been widely used by the researchers [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] to handle the uncertainties during the analysis. However, all these techniques lack parameterizations tool and hence they cannot be e ectively applied in real life problems. To handle these issues, SS theory pays a great attention to and successfully deals with these types of conditions. Maji et al. [16] and Maji et al. [17] combined the theory of SS with the fuzzy and intuitionistic fuzzy set theories and called them Fuzzy Soft Set (FSS) and Intuitionistic Fuzzy Soft Set (IFSS), respectively. Meanwhile, the study of hybrid models by combining SS with the others has *. Corresponding author.
E-mail address: harishg58iitr@gmail.com (H. Garg) doi: 10.24200/sci.2017. 4433 been developed such as on fuzzy soft set [18, 19] , intuitionistic fuzzy soft sets [16, 20] , generalized fuzzy soft set [21, 22] , generalized intuitionistic fuzzy soft set [23] [24] [25] [26] , fuzzy number intuitionistic fuzzy soft sets [27] , etc. [28] [29] [30] [31] [32] [33] . Furthermore, various researchers [34] [35] [36] [37] have proposed several types of distance and similarity measures under FSS and/or IFSS environments. Roy and Maji [38] presented an approach to decision making problems under FSS environment. Yang et al. [33] analyzed the problem of decision making by introducing the concept of interval-valued soft sets. Thus, by considering the fact that the IFSS is a powerful tool to deal with the ambiguity and vagueness of the data, the present paper will introduce new averaging/geometric intuitionistic fuzzy soft aggregation operators based on intuitionistic fuzzy soft numbers (IFSNs). Their advantage is being capable to facilitate the descriptions of the real-world situation with the help of their parameterizations property. In order to rank the di erent alternatives, having an aggregation operator is necessary to aggregate all the preferences of the decision maker into a collective value and hence to nd a desirable alternative(s) according to the score values. However, to the best of our knowledge, the research on FSS and IFSS is limited to their basic theories and applications and there is no research on their aggregation information. Therefore, it is necessary to investigate this issue; we will propose some suitable operators for aggregating the preferences of the decision makers. Various desirable properties of the proposed operators have also been investigated in details. Furthermore, an approach for Multi-Criteria Decision Making (MCDM) method has been discussed based on these operators and their e ectiveness has been explained through a case study of medical diagnosis, where the most desirable alternative has been identi ed under the set of di erent criteria. Finally, the computed results are compared with the results of the existing operators to show their e ectiveness.
The rest of the manuscript is organized as follows. Section 2 presents some basic concepts on FSS and IFSSs. Some averaging/geometric aggregation operators are presented in Section 3. Section 4 discusses the MCDM approach based on the proposed operators for IFSNs, followed by an illustrative example. Finally, a conclusion has been drawn in Section 5.
Basic concepts on FSS and IFSS
Let U be the universal set and E be a set of parameters then the soft set over U [1] is de ned as the pair (F; E) where F : E ! K U , K U is the set of all subsets of U. Further, this pair is called FSS [16] over U i F : E ! I U , I U is the set of all fuzzy subsets of U, which is de ned as F e j = fhx; j (x)i j x 2 Ug. For any parameter e j , FSS reduces to SS if F ej is a crisp subset of U. Example 2.1.
Let U = fh 1 ; h 2 ; h 3 ; h 4 g be a set of four houses and E = f\expensive (e 1 )", \wooden (e 2 )", \cheap (e 3 )", \beautiful (e 4 )", \in good location (e 5 )"g be a set of parameters; then, the FSS for describing the \at-tractiveness of the houses" is (F; E) = fF e1 ; F e2 ; F e3 ; F e4 ; F e5 g, where F e1 = h(h 2 ; 0:2); (h 3 ; 0:7)i , F e2 = h(h 1 ; 0:6); (h 3 ; 0:7); (h 4 ; 0:9)i , F e3 = h(h 1 ; 0:3); (h 4 ; 0:5)i , F e 4 = h(h 1 ; 0:6), (h 2 ; 0:9), (h 3 ; 0:7)i and F e 5 = h(h 2 ; 0:7), (h 4 ; 0:6) .
On the other hand, a pair (F; E) is called an IFSS [16] over U i F : E ! IF S(U), where IF S(U) denotes the set of all intuitionistic fuzzy subsets of U and is de ned as F ej (x i ) = fhx i ; j (x i ); j (x i )i j x i 2 Ug for any parameter e j 2 E, where j (x i ) and j (x i ) are degrees of acceptance and rejection, respectively, with the conditions 0 j (x i ); j (x i ) 1 and j (x i ) + j (x i ) 1.
Example 2.2.
Consider the above example of \attractiveness of the houses"under the same parameter; IFSS can be written as: (F; E) = fF e 1 ; F e 2 ; F e 3 ; F e 4 ; F e 5 g;
where:
F e1 = h(h 2 ; 0:2; 0:4); (h 3 ; 0:7; 0:1)i ; For the sake of simplicity, we denote the pair of F ej (x i ) = fhx i ; j (x i ); j (x i )i j x i 2 Ug to be F eij = h ij ; ij i and call it intuitionistic fuzzy soft number (IFSN). In the process of applying IFSNs to practical problems, it is necessary to rank them. For this, a score function of F e ij is de ned as [39] :
where S(F e ij ) 2 [ 1; 1] . In this de nition, it can be seen that the larger S(F e ij ), the larger is IFSN F e ij .
Example 2.3.
Let F e 11 = h0:4; 0:2i and F e 12 = h0:3; 0:5i be two IFSNs; then, by using Eq. (1), we get S(F e 11 ) = 0:2 and S(F e 12 ) = 0:2. Since S(F e 11 ) > S(F e 12 ), we have F 6 e11 F e12 , where \" refers to \preferred to".
However, in some situations, the above function cannot be used to compare IFSNs. For example, let F e 11 = h0:2; 0:4i and F e 12 = h0:3; 0:5i; then, it is impossible to know which one is bigger because S(F e11 ) = S(F e12 ). For this, an accuracy function H of F eij is de ned as [39] : 
Proof. For n = 1, we get 1 = 1. Thus, by using an 
Thus, the results are true for n = 1 and m = 1. Assume the results hold for m = k 1 +1; n = k 2 and m = k 1 ; n = k 2 + 1, i.e.:
and:
Now, for m = k 1 + 1; n = k 2 + 1, we get:
Thus, it is true for m = k 1 + 1 and n = k 2 + 1, and hence, by induction, the results holds for all m; n 1.
Since 0 ij 1 , 0
(1 ij ) i j 1 and thus, 0
(1 ij ) i j 1. On the other hand, 0 
Thus, it is concluded that the aggregation operator de ned under IFS environment is taken as a special case of the proposed operator. 
Assume the result holds for m = k 1 + 1; n = k 2 and m = k 1 ; n = k 2 + 1, i.e.:
Now, for m = k 1 + 1; n = k 2 + 1:
Therefore, Eq. Thus, by using IFSWG operator as de ned in Eq. (6) 4. Decision-making approach based on proposed operators
In this section, an approach for MCDM method has been presented based on the proposed operators followed by the practical example for showing their e ectiveness.
An approach based on proposed operators
Let p = fp 1 ; p 2 ; : : : ; p t g be the set of t di erent alternatives, which are going to be evaluated by the set of n experts, where F c e ij = h ij ; ij i is the complement to F e ij = h ij ; ij i. - Step 3. Aggregate the IFSNs F e ij (i = 1; 2; : : : ; n; j = 1; 2; : : : ; m) for each alternative p k (k = 1; 2; : : : ; t) into collective decision matrix k by the proposed IFSWA (or IFSWG) operator.
-Step 4. By using Eq. (1), get the score value of k for each alternative p k (k = 1; 2; : : : ; t).
-Step 5. Rank the alternatives p k (k = 1; 2; : : : ; t) and select the best one(s). there is no need of normalizing the data. 
Comparative studies
In order to compare the proposed approach with some existing metrics, an analysis has been conducted based on di erent aggregation operators [39] [40] [41] [42] . For this, rst, the di erent parameters of the numbers are aggregated by using weighted averaging operator corresponding to weight vector (0:2; 0:1; 0:3; 0:15; 0:25) T ; the obtained aggregated decision matrix is summarized in Table 5 . Now, based on this matrix, a comparative study is conducted based on di erent operators; their simultaneously results, for each patient, are shown in Table 6 . In this table, it is seen that the patient p 4 has more illness than others; these results overlap the proposed results. Thus, the proposed technique can be utilized by using the concepts of the soft set to solve the decision-making problem suitably in comparison with the other existing operators.
Conclusion
In this paper, we have established the two new aggregation operators, i.e. the IFSWA operator and the IFSWG operator, under the IFSS environment. For this, rst, the algebraic structures of two IFSNs were presented and, corresponding to their operational laws, the aggregation operators were proposed. Moreover, some of their desirable properties were investigated in details. A decision-making method based on IF-SWA and IFSWG operators was presented, in which preferences related to di erent alternatives were taken into account in terms of IFSNs. A comparative study was also performed for illustrating the approach. In the end, the proposed operators showed a more stable and practical nature for the decision makers during the aggregation process. From the obtained results, it was concluded that the proposed approach could be suitably utilized to solve the MCDM problem in today life situations. In the future work, we shall apply these operators to other elds such as mathematical programming, cluster analysis, big-data analysis, etc.
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